The title compound, C 3 H 8 NO 2 S + ÁC 2 HO 4 À , (I), crystallizes in the monoclinic C2 space group and is a new form (possibly a hydrate) of l-cysteinium semioxalate with a stoichiometric cation-anion ratio of 1:1. In contrast to the previously known orthorhombic form of l-cysteinium semioxalate, (I) has a layered structure resembling those of monoclinic l-cysteine, as well as of dl-cysteine and its oxalates. The conformations of the cysteinium cation and the oxalate anion in (I) differ substantially from those in the orthorhombic form. The structure of (I) has voids with a size sufficient to incorporate water molecules. The residual density, however, suggests that if water is in fact present in the voids, it is strongly disordered and its amount does not exceed 0.3 molecules per void. The difference in conformation of the cysteinium cations in (I) and in the orthorhombic form is similar to that in dl-cysteine under ambient conditions and in dl-cysteine under high pressure or at low temperature.
Comment
The sulfhydryl group plays an important role in biology (Jocelyn, 1972) . In proteins, sulfhydryl-containing amino acids are involved in the formation of additional hydrogen bonds. In addition, the side chain of such an amino acid can easily be oxidized, giving rise to cystine with a disulfide bond. These interactions contribute to the stabilization of a protein active form. Therefore, investigation of the conformation of sulfhydryl-containing fragments and of their specific interactions is important. Cysteine is the simplest and most widespread sulfhydryl-containing amino acid and may be considered therefore as a model object. Notwithstanding its seeming simplicity, cysteine has already demonstrated a variety of different zwitterion conformations and hydrogen-bonding patterns even in the crystalline state. Under ambient conditions, there are two polymorphic modifications of l-cysteine, namely the monoclinic (Harding & Long, 1968; Gö rbitz & Dalhus, 1996) and orthorhombic (Kerr & Ashmore, 1973) forms, and one polymorph of dl-cysteine (Luger & Weber, 1999) . On cooling, both dl-cysteine (Minkov, Tumanov et al., 2009 ) and the orthorhombic polymorph of l-cysteine (Kolesov et al., 2008) undergo polymorphic transformations, whereas only a subtle structural change has been reported for monoclinic l-cysteine (Bordallo et al., 2010) . With increasing pressure, a series of phase transitions occurs in dl-cysteine, as well as in the two polymorphs of l-cysteine (Moggach et al., 2006; Minkov, Tumanov et al., 2010; Minkov, Goryainov et al., 2010) . It is worth noting that all the polymorphs of l-and dl-cysteine, including those obtained and existing under non-ambient conditions only, differ substantially in their molecular conformation and intermolecular hydrogen bonds, especially in the hydrogen bonds formed by the side chain of the amino acid.
Another way to study the conformational lability of cysteine at ambient temperature and pressure is to investigate its salts and cocrystals. Several previously described cysteinium salts show the diversity of zwitterion conformations easily provoked by changing the crystalline environment (Shan & Huang, 1999; Fujii et al., 2005; Drebushchak et al., 2008; ). The present paper provides a new example of a cysteinium salt with interesting features in the crystal structure.
The title compound, (I), consisting of l-cysteinium cations with neutral carboxyl groups and partially deprotonated semioxalate anions may be classified as a salt. As in the case of the orthorhombic form of l-cysteinium semioxalate, (II), the H atom of the carboxyl group in (I) is in a trans position with respect to the ammonium group (Fig. 1) . Depending on the orientation of the -CH 2 -SH side chain, cysteinium cations are prone to adopt gauche+ or gaucheÀ conformations with positive or negative values of the S-C-C-N torsion angle of ca +60 and À60
, respectively. There is only one exception, namely the monoclinic polymorph of l-cysteine (Harding & Long, 1968) , in which one of the two molecules in the asymorganic compounds metric unit has an orientation of the side chain corresponding to a trans conformation (with S-C-C-N torsion angles of ca 180
) and the other molecule to a gauche+ conformation. In (I), the conformation of the cysteinium cation is gauche+ (Table 1) , similar to that in the orthorhombic polymorph of lcysteine (Kerr & Ashmore, 1973) and dl-cysteinium semioxalate . In all the l-cysteinium salts known up to now the orientation of the -CH 2 -SH residue corresponds to a gaucheÀ conformation (Shan & Huang, 1999; Fujii et al., 2005; . The same holds for the high-pressure polymorphs of l-cysteine (Moggach et al., 2006) . Such a large variation in the amino acid side chain orientations in cysteinium salts (the difference in the torsion angles N-C-C-S is about 120 ) is comparable with the difference in the values of the N-C-C-S torsion angle in the ambient-temperature (gaucheÀ conformation) and the low-temperature or high-pressure (gauche+ conformation) polymorphs of racemic dl-cysteine (Minkov, Tumanov et al., 2009) . The semioxalate anion is somewhat twisted, the value of an angle between the carboxyl and carboxylate planes being 13.9 (3) , which is significantly smaller than in (II) [38.6 (3) ] and larger than in dl-cysteinium oxalates [0 and 7.1 (3) ]. In the crystal structure of (I), semioxalate anions are linked to each other via O5-H5OÁ Á ÁO3 iv hydrogen bonds, forming infinite C(5) chains extending along the crystallographic b axis ( Fig. 2 ; all symmetry codes in this discussion are as in Table 2 ). The distance between atoms O3 iv and O5 in this strongest hydrogen bond is slightly shorter than that in (II) [2.5346 (18) Å ; Table 2 ]. At the same time, a slightly longer O1-H1OÁ Á ÁO4 hydrogen bond connecting the carboxyl group of the cysteinium cation with the semioxalate anion is also present in the structure of (I), similar to (II). The carboxyl group of the cysteinium cation forms an R 2 2 (6) motif with neighbouring ammonium and carboxylate groups. Each H atom of the amino group in the cysteinium cation participates in the formation of four different hydrogen bonds with neighbouring semioxalate anions, and one with another cation. The N1-H2NÁ Á ÁO2
ii hydrogen bond links cations into infinite chains along a 2 1 screw axis and the crystallographic b axis. The same H atom, H2N, also participates in the formation of an N1-H2NÁ Á ÁO4
ii hydrogen bond with a semioxalate anion. As in all the previously investigated cysteinium oxalates, in (I) there is a common R 2 1 (5) ring motif formed by an N-HÁ Á ÁO bifurcated hydrogen bond between the N1-H1N group and atoms O3 and O6 of the semioxalate anion as acceptors. Although in (II) this motif includes the protonated O atom from the semioxalate carboxyl group, this is not the case for (I). Interestingly enough, in spite of the significant difference in the electronegativity between the protonated (O5) and nonprotonated (O4) O atoms of the carboxyl group in the structure of (II), the difference in the two N-O distances [2.912 (2) and 3.041 (2) Å ] in this bifurcated bond is smaller than that in (I). In addition to the N1-H1NÁ Á ÁO6 i hydrogen bond, there is a very long N1-H3NÁ Á ÁO6
iii hydrogen bond. Moreover, atom H3N participates in the formation of this long hydrogen bond only.
We could not see any strong directional hydrogen bonds formed by the SH groups in the structure of (I). The shortest SÁ Á ÁS distance in the structure is 4.201 (1) Å , i.e. much longer than required to form an S-HÁ Á ÁS hydrogen bond. For a comparison, the SÁ Á ÁS distance in a very weak S-HÁ Á ÁS hydrogen bond in the structure of the monoclinic polymorph of l-cysteine is 4.080 (1) The crystal packing in (I) and (II) is significantly different. In (II), as well as in the orthorhombic polymorph of l-cysteine, the crystal structure is built as a three-dimensional framework with infinite channels, with the -CH 2 -SH side chains inside these channels. Moreover, these channels are preserved on cooling and with increasing pressure, even after the phase transitions (Moggach et al., 2006) . In contrast, the crystal structure of (I) is layered, as in the case of the monoclinic polymorph of l-cysteine or of dl-cysteine (Fig. 3) . The layers are parallel to the (201) Several structures with no hydrogen bonds between the layers have been described earlier for the 'cysteine-family' [dl-cysteine-II , monoclinic l-cysteine (Gö rbitz & Dalhus, 1996) , and dl-cysteinium oxalate and semioxalate . In most of these structures, the SH groups were involved in hydrogen bonds within the layers. At the same time, in dl-cysteinium semioxalate, the SH groups form no significant hydrogen bonds, although they are involved in many short contacts with O atoms, and this is confirmed also by Raman spectra , which are very sensitive to the interactions of SH groups with the environment. Unfortunately, we could not study the interactions of the SH group in the crystal structure of (I) by Raman spectroscopy, since the few crystals available were used for the single-crystal diffraction study and a new attempt at crystallization was not successful (see Experimental).
The major difference between the crystal packing in the two salts of l-cysteine is that in (I) the infinite chains formed by the semioxalate anions and those formed by the cysteinium cations are both extended along the same crystallographic b axis, whereas in (II) these chains extend along orthogonal directions. Interestingly, the crystal packing in (I) is similar to that in dl-cysteinium semioxalate. In the latter, cations form dimers, not infinite chains as in (I), but these dimers are further stacked into stacks and are linked also with each other via oxalate anions. These stacks and infinite chains of semioxalate anions are directed along the same crystallographic axis.
Experimental
Colorless prismatic crystals of (I) were obtained by slow diffusion of acetonitrile into a saturated aqueous solution of l-cysteine and oxalic acid in an equimolar ratio. The crystals were not stable on storage. After being taken out of the mother solution and kept in air for a few days they were found to be cracked, which may indicate that the new form is a solvate (a hydrate?) and loses crystal water. Unfortunately, we could not analyze the phase after cracking due to the small amount of sample available. Additional tests using complementary techniques [thermogravimetric, differential scanning calorimetry (DSC) and IR spectroscopy] would be necessary to distinguish between a true new polymorph and a new 'crystal form' which is actually a hydrate. However, we could not grow any more crystals of (I) to either carry out these tests or redo the single-crystal diffraction experiment using protective oil from the beginning. Table 1 Selected torsion angles ( ).
Crystal data
14.1 (3) O4-C4-C5-O5 13.7 (3) O3-C4-C5-O5 À167.1 (2) Table 2 Hydrogen-bond geometry (Å , ). 
introduced. The occupancies of several possible H-atom positions were refined and eventually estimated as 0.54 for the relevant H atom and less than 0.15 for the other two H atoms. The positions for the H atoms found from the difference Fourier map and from the introduced dummy SH 3 group are coincident. For all H atoms, U iso (H) values were set at 1.2U eq (parent atom). In the current structural model, a residual electron-density peak of 0.45 e still remained. A search for solvent-accessible voids in the structure showed the presence of two voids of 34 Å 3 (grid = 0.2 Å and probe radius = 1.2 Å ) and an electron count of 3 (cutoff level = 0.5 e Å
À3
). Both voids are located between layers exactly in (0.000, 0.405, 0.500) and (0.500, À0.095, 0.500). The total positive electron count in the voids per unit cell is 6. Although the volume of a void is somewhat smaller than is typically required to host a water molecule (40 Å 3 ), one can suppose that the structure can in fact be a hydrate, with highly disordered guest molecules and an average void occupancy not exceeding 0.3 molecules per void. Crystal cracking on storage in air can be a consequence of dehydration. However, the potential water guest molecules, if present, could not be refined in a structural model of a hydrate, probably because of low occupancy and strong disorder. 
